Background: Perinatal HIV infection (PHIV) may place youth at risk for impairments in
INTRODUCTION
The impact of perinatally acquired human immunodeficiency virus (PHIV) on cognitive and behavioral development is an ongoing concern. Children with PHIV are generally comparable in global intellectual functioning to perinatally HIV-exposed but uninfected (PHEU) children, who are similar in other risks to development (e.g., poverty, familial psychiatric and cognitive history, disrupted caregiving) and in prenatal exposure to maternal HIV and antiretroviral agents, which may impact growth and development [1] [2] [3] .
However, a subset of children with PHIV who experienced significant immunocompromise and acquired immunodeficiency syndrome (AIDS)-defining illnesses, particularly encephalopathy, exhibit significantly increased risk for cognitive impairment [4] [5] [6] .
Concerns persist regarding subtle impairments in specific cognitive domains and their functional impact. A domain particularly at risk for HIV-related impairment in adults 7 is executive functioning (EF), which includes skills involved in performing goaldirected behaviors 8 (e.g., problem solving, inhibition, monitoring of self and environment, and flexibly shifting behavior or mental focus). EF has been linked to functional outcomes relevant to HIV treatment and prevention, such as medication management 9 , sexual risk behaviors 10 , and to life skills, including occupational functioning 9, 11 , driving 12 , and educational outcomes 13 . The impact of EF impairments for youth may be magnified by affecting acquisition of skills necessary for successful transition to adulthood; further, they may increase the likelihood of sexual and substance-related risk behaviors 14 . EF impairments may present in adolescence, the Page 8 developmental period during which EF skills are consolidated, playing an increasingly important role in day-to-day functioning 15 . Identification of such impairments could inform appropriate treatment and preventive interventions.
Few existing studies of children with PHIV have addressed EF, the majority with small samples 16 , and results thus far are equivocal 17-20. Nagarajan and colleagues found lower processing speed but not EF functioning in PHIV compared with PHEU youth 17 .
Other studies have found differences between PHIV and PHEU children on EF measures that were not explained solely by processing speed [18] [19] [20] . In this investigation, we examined EF in a large cohort of children and adolescents aged 7-16 years with perinatal HIV exposure, including both PHIV and PHEU youth. Our goal was to examine whether PHIV confers risk for EF impairment, using both an EF task and report of day-to-day EF by caregivers and youth, and to elucidate other factors associated with EF. Exploratory analyses accounted for the influence of other cognitive domains such as language that may underlie performance of EF tasks 22 . We hypothesized that youth with PHIV would demonstrate greater EF Page 9
problems than PHEU and that poorer EF performance would be associated with greater current and past HIV disease severity.
METHODS

Participants
Participants were enrolled in the Adolescent Master Protocol (AMP) of the 24 25 . Because the BRIEF was not available in Spanish during data collection, it was not administered to children and caregivers without proficient English fluency.
Procedure
Institutional Review Boards at the Harvard School of Public Health and each PHACS site approved the AMP study. Informed consent and age-appropriate assentwere obtained for all youth participants according to local IRB guidelines.
Measures
Primary Outcomes
The CCTT is a standardized paper-and-pencil assessment of alternating and 
Demographic, Caregiver and Health Information
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Demographic information collected via structured interview with the primary caregiver included age, sex, race/ethnicity, and primary language of child, household income, and caregiver relationship to child and education. For PHIV youth, chart abstraction provided current (at study entry) and peak HIV-1 RNA viral load (VL) and age at peak VL; current, nadir and age at nadir CD4+ T-lymphocyte count and percent;
CDC classification of HIV disease and age at classification; diagnosis of encephalopathy and age at diagnosis; and current antiretroviral treatment.
Encephalopathy diagnosis was based on medical record review.
Other Measures of Child Functioning
Other measures of cognitive and behavioral functioning (Table 1) were used as covariates in exploratory analyses of the contribution to EF group differences of internalizing problems (anxiety, depression and somatization) and non-EF-specific functioning (i.e., Full Scale IQ, reading and language).
Data Collection
Administration of measures was staggered across study visits to minimize 
Statistical Methods
Demographic characteristics were compared using analysis of variance and chisquare tests, as appropriate. Generalized estimating equations for binary, continuous, and ordinal outcomes were used to estimate associations while adjusting for potential confounders. Potential confounders were chosen a priori based on associations within the literature and previous PHACS analyses; these included age, gender, race, Hispanic ethnicity, caregiver relationship to the youth, caregiver education, English use in the home, caregiver reported internalizing problems in the child, and site region.
Exploratory analyses examined whether associations with EF measures remained after inclusion of measures of other cognitive and behavioral domains that have potential non-EF-specific impact on task performance (i.e., WISC-IV Full Scale IQ, WIAT-II Word
Reading, CELF-4 Composite score).
For the CCTT interference index outcome, ordinal logistic regression was used by grouping the index into three percentile categories: <5, 5-16, and >16. The summaries for the odds ratio (OR) in the ordinal logistic models are relative to lower percentile categories (the odds of: <5 and 5-6, and <5). The assumption of proportional odds was assessed using a score test and by inspection of separate logistic regression models.
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Analyses with p-values <0.05 were considered to be statistically significant, and 95% confidence intervals (CI) are reported. SAS 9.2 was used for all analyses. Enceph and PHIV/Enceph groups. Youth were generally healthy at study entry, with mean CD4%=32. Mean log VL at study entry was 2.5 and 2.4 (copies/mL) for PHIV/No
RESULTS
Group Characteristics
Enceph and PHIV/Enceph participants, respectively. Mean nadir CD4%, peak log VL (copies/mL), and age at nadir CD4%, peak log RNA, and initiation of antiretroviral treatment did not differ between groups. About 16% of PHIV/No Enceph participants and 95% of PHIV/Enceph had received a CDC Class C diagnosis at or prior to study entry; 11.3% of all PHIV youth had a diagnosis of encephalopathy. About 93% of both PHIV groups was currently on ART; the small number not on treatment precluded analysis of treatment effects.
Measures of Executive Functioning
Comparisons with standardization samples. Table 3 
HIV Disease Severity
Historical Disease Severity Associations. Older age at peak VL was associated with increased odds of a lower CCTT interference index percentile category (OR=1.14, CI ( There were no significant associations with age at ARV initiation. 
Adjustment for Associations with Other Cognitive and Behavioral Measures.
Inclusion of other cognitive and behavioral measures in the models did not affect direction or significance of the results reported above; however, the association between BRIEF-SR Metacognitive Index and diagnosis of encephalopathy was diminished slightly by inclusion of child Full Scale IQ in the model (data not shown).
DISCUSSION
The results of this study demonstrate that children and adolescents perinatally exposed to HIV exhibit greater problems on EF measures than would be expected compared with normative samples. This finding was observed using both direct (paperand-pencil performance test) and indirect (questionnaire) measures of EF. However, the hypothesis that EF would be impaired in PHIV compared to PHEU children was only partially supported. Similar to Llorente and colleagues 21 , we found PHIV and PHEU participants performed similarly when demographic and other influences were taken into account. In fact, caregiver reports indicated fewer everyday EF problems among PHIV youth. These results are consistent with other cognitive and behavioral findings from Although the PHIV group as a whole did not differ from the PHEU group, youth with past encephalopathy had slower CCTT performance despite immune recovery;
slowing also was associated with higher peak VL and with nadir CD4 occurring at younger age. Thus, indicators of greater or earlier disease severity are associated with psychomotor slowing. Our results are in agreement with previous literature indicating that psychomotor speed is vulnerable to the impact of HIV 19, 20, 32, 33 . However, our results did not demonstrate problems with EF-specific aspects of the CCTT in addition to slowing. Caregivers and providers of youth with a history of encephalopathy should be alert to cognitive slowing and consider supportive or compensatory interventions, such as cognitive rehabilitation, particularly if difficulties in academic, social or occupational functioning are observed.
The association of more self-reported problems in metacognitive functioning, particularly working memory, with past disease severity (encephalopathy, higher peak VL, and earlier nadir CD4) suggests youth with greater and earlier past disease severity are aware of cognitive difficulties. Although including IQ as a covariate attenuated the finding for nadir CD4, the findings for encephalopathy and peak VL remained significant. with EF and may benefit from services to prevent and treat EF dysfunction.
